We predict a novel flow regime in liquid metals under the influence of a magnetic field. It is characterised by long periods of nearly steady, two-dimensional flow interrupted by violent threedimensional bursts. Our prediction has been obtained from direct numerical simulations in a channel geometry at low magnetic Reynolds number and translates into physical parameters which are amenable to experimental verification under laboratory conditions. The new regime occurs in a wide range of parameters and may have implications for metallurgical applications.
Liquid metals interact with magnetic fields under various circumstances ranging from electromagnetic flow control [1] and electromagnetic flow measurement [2, 3] to the generation of Earth's magnetic field [4] and the laboratory studies of the magnetorotational instability [5] . It is widely believed, especially in the community dealing with metallurgical applications, that a magnetic field always damps turbulence and helps to reduce undesired velocity fluctuations. In the present Letter we show that this view is an oversimplification not always agreeing with reality. We predict a novel flow regime, referred to as large-scale intermittency (LSI), where the application of a magnetic field to the flow of a liquid metal in a channel leads to repeating violent transitions between two-dimensional (2D) states, in which turbulence is fully suppressed, and fully turbulent three-dimensional (3D) states. Similar intermittent dynamics was detected in two earlier studies of highly idealized flows: forced turbulence in a periodic box [6] and inviscid flow in a tri-axial ellipsoid [7] . The channel configuration considered in the present Letter is the first, in which realistic flow conditions are approached by taking into account the effects of solid walls, viscosity, and mean shear.
In the following, we assume that the magnetic Reynolds number Re m is small, which applies to practically all industrial and laboratory flows of liquid metals. This allows us to employ the quasi-static approximation, whereby the induced magnetic field is negligibly small in comparison with the imposed field and adjusts instantaneously to the velocity fluctuations.
An obvious effect of a static magnetic field on the flow of a liquid metal is Joule dissipation of the induced currents, which provides an additional mechanism of flow suppression by conversion of its kinetic energy into heat. Moreover, the flow can become anisotropic or even 2D. This can be seen from the rate of Joule dissipation of a Fourier velocity modê u(k, t), which is µ(k) = σB 2 ρ −1 |û| 2 cos 2 α, where α is the angle between the imposed magnetic field B and the wavenumber vector k, σ is the conductivity and ρ is the density of the liquid. Proportionality to cos 2 α means that µ increases from zero at k⊥B to the maximum for modes with k B. The magnetic field tends to eliminate velocity gradients and elongate the flow structures in the direction of the magnetic field lines. The flow becomes axisymmetrically anisotropic or, if the magnetic field is sufficiently strong, 2D with all variables uniform in the direction of the magnetic field [8] . Similar anisotropic behavior has also been noted for magnetohydrodynamic turbulence with higher Re m , in particular with magnetic Prandtl numbers P m = Re m /Re ∼ 1 [9, 10] .
Without reference to a specific flow geometry, the LSI may evolve according to the following scenario. Under the action of the magnetic field, an initially 3D flow evolves into a pattern of nearly 2D structures. The flow gradients along the magnetic field are very weak in this state, so the Joule dissipation decreases to nearly zero. If, however, the 2D state is not a stable attractor of the Navier-Stokes equations and the magnetic field is not strong enough to completely suppress 3D instabilities, perturbations grow and destroy the 2D structures. The flow enters a 3D turbulent state and the process repeats itself. This scenario has far-reaching implications for specific flows and for low-Re m magnetohydrodynamics (MHD) in general. The flows acquire properties unforeseeable under statistical equilibrium assumptions for MHD turbulence, whereby the flow is either nearly isotropic, statistically steady anisotropic, or 2D depending on the strength of the magnetic field [11] .
The existence of intermittent regimes relates to the fundamental question of realizability of purely 2D states under the action of a magnetic field [7] . The phenomenon is also of interest for general theory of hydrodynamic instability, bifurcations, and transition to turbulence in parallel shear flows. The effect of magnetic field leads to new, unexpected roles of spanwise Tollmien-Schlichting (TS) modes and streamwise streaks, the main agents of transition in ordinary hydrodynamics [12] .
In the present Letter we consider pressure-driven flow in a plane channel. The imposed magnetic field is uniform and oriented in the spanwise direction, i.e. parallel to the walls and orthogonal to the flow. Non-dimensional governing equations and boundary conditions for the velocity u and the electric potential φ are
where x, y, and z coordinates are in the streamwise, spanwise, and wall-normal directions, respectively. The parameters are the hydrodynamic Reynolds number Re ≡ ULν −1 and the Hartmann number Ha ≡ BL(σ/ρν) 1/2 , with L and U being the half-width of the channel and the centerline velocity of the Poiseuille parabolic velocity profile.
The problem is solved for two computational domains of dimensions 2π × 4π × 2 and 8π × 4π × 2 in the x, y, z-directions using direct numerical simulation (DNS) with a FourierChebyshev method and periodic boundary conditions for x and y [13] . The numerical resolution is 64 3 and 256 × 64 2 collocation points for the small and large domains, respectively. The volume flux per span width remains constant during the computations, which are conducted at Re = 8000, i.e. above the threshold Re c ≈ 5772 of the linear instability. The velocity perturbation is defined as u ′ = u − u , where u is the mean velocity obtained by horizontal averaging over the computational domain. In the LSI cycle discussed below, the amplitude of u ′ decreases to the level of machine round-off. To remove the resulting ambiguity and to mimic the noise in actual flows, white noise with the amplitude 10 −6 relative to the mean flow is added at every time step. The initial conditions correspond to purely 2D flow [14] . Other initial conditions produced identical behavior after transients.
The spanwise magnetic field does not interact with the base flow or with any other 2D flow uniform in the spanwise direction. This, in particular, includes the spanwise-independent TS modes of linear instability, which implies that the primary linear instability (but not the secondary 3D breakdown of TS modes) is insensitive to the presence of the magnetic field. Above Re c , the phase space for the nonmagnetic channel flow contains an attractor of 3D turbulence and two unstable equilibria: the Poiseuille solution and a 2D channel flow solution, which takes the form of a steady traveling wave in the short domain and of a chaotic wavetrain in the longer domain [14] . In the presence of magnetic field, the same states exist but, as found in our computations, their stability and attraction basins change.
When the magnetic field is weak (Ha 40 at Re = 8000), a solution with arbitrary initial conditions converges to a 3D turbulent state, which has pronounced anisotropic properties considered elsewhere [15, 16] . By contrast, at sufficiently strong magnetic fields (Ha 160
at Re = 8000), the 2D channel flow solution [14] becomes the only stable attractor. (branch (a) in Fig.1 ) agrees with 0.010976 obtained using the linear stability code [13] .
The focus of this Letter is on intermediate values of
After reaching finite amplitudes, the TS mode undergoes secondary instability to 3D
perturbations and disintegrates to form a turbulent state illustrated in Fig. 2b . The identification of the state as turbulent is supported by quick population of the available k x and k y wavenumbers in the energy power spectrum. The Joule dissipation rate increases sharply starting at the moment of the first 3D instability of the TS mode and eventually becomes comparable with the rate of viscous dissipation. This leads to strong suppression of the streamwise-independent character of the flow is illustrated in Fig. 1 , where the shortdashed curve corresponding to the energy of purely streamwise (with k x = 0) perturbations practically coincides with the curve of the total perturbation energy. The conclusion is also supported by the 2D energy spectra. The flow organization as a system of streaks, i.e. zones of enhanced or reduced streamwise velocity is visible in Fig. 2c and confirmed by the fact that during this stage the energy of the streamwise velocity component u ′2 is at least two orders of magnitude larger than the energy of the spanwise and wall-normal components.
We only have a simplistic explanation of the dominance of streamwise streaks during the 
